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(g) Expression of S^ocus specific glycoprotein gene in transgenic plants. 
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„P«...OH OF -LOCUS SPBCFIC GU«0PROTE,« SH« .» TRA»SO.»,C PLAH« 

aeneticaUy conwrfled mechanism termed se»- "«"P^^^ m^BnOion between the stigma or style 

f "hS U*- of self pollen In pistil tissue. ^''^'^^'^^^ ^ibe grn^. Fertilization Is thus 
and pcSn%S a defined morphologtel '"P-"^ P^^J";?, "^Xl stigma and stirte and the gamete 
prevented as the poBen tubes are unable to Pf-^^*" J^'^ Thespedfidty of this Interaction Isdeter- 
S"delofthepdlena«unableto,each*ef«nale^^^^^ by Jmale and female parents. 

^nedbyoneormoreflenellclod.andj^um38*e'dj^^^^ ^ ^.^ other 

the pLo Jpe Of a pollen grain Is -''^t Tlld bv CeS^ o^^^^^ P"""* " 
system in which the poUen phenotype is ''^^'^.^^"^Srssf^^ and other cruoifsre belonging to the 

zation is prevented. of a single multi-Bllelic locus (numerous 

,„ m Bmssicacese family. »elf-l'«»7f^^^^^^^ "^^^^teT^cus. and L phenotype of pollen is deter- 
alleles have been identified in natural P°P"'a''°"«>; ""'^^ ^„3„ Mggsjj. while the mechanism of poBen 
Tned by the diploid genotpye of the 'P^^P'l'^: '^^^^^^^^ response occun. when the 

recognL in plants is not understood, the obseojt.^^^^ 

sami&allele is active in pollen and stigmasuggeste^^^^^^ sporephytlc control of potten 

S.OCUS gene in the male and female gene in the tapeh.m. the layer of 

phenotype has been posyated to result from the ^P'^J*"*" " " ^^5^ the developing pollen grains Isee J. 

late In poden development „„iiBn is also expected to be sporophytically expressed 

A gene Involved In the specific '^'^'^'^^^1'^'^''^^^ aZt^ RNA has Identified a low-abund- 
so IntheSosfsantheredudngpollendevdopmentWhBe^^^^^^^^^ 

anoetrenscdptwithhomologytotheS^ocjsgty^^^^^^ ^^^^ , tt,e Brs^ 

re":rirKt"^^^^^ 

remained elusive. 
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incompatibility is suggested by the detection "J^s ^v^^^^^^^^ ^^^^ ^ correspond to glyooproteins which 
nates from different Brass/ca strains. Tl^ese aniens ha^^^^^^ 

^ayberesdvedinvariouselectinphcj^tlc^^^^^^^ 

play an important ,«le In inoompatib«l^ . (1) "„"^o,eoules are found exclusively in the shgma 

Som Brass,-ca strains wKh different S-locus ^Oe J^J"^ contact between the poBen 

(specifically in the surface papJlar^lls on ma ym^surf^^^^ 

and stigma;(3) an increased rata of symhesis^^^^ 

correlates well with the onset of ^^J'^^^^lX'^^l^^ rJ»^ Raphanu, saSvus (radish) glycopro- 
patlble lines of B. o/««ca« ^Jf y-^^^f^^^rftero^^J^ing S^Ueles in the and F, generations, 
tains have been Identified which cosagregate vnin "'«';^'~|' ^.-u- 

that .he gene respons.le J^^taCS^^ ^Pe^^^^^ ('S^*^")- ^ .? 
These glycoproteins have ^^''^IX^l^mJASlSQ have been oondated with S-alleles^ 
its own unique glycoprotein, and to date more ftan 2^ 
Fu,them)ore.SLSG encoded bydifferentSaeleserf«b.t^^^ 

one another on the basis «h«'^<='rfri?„raX,rt^ii^^^ a maxiL rate coincident with the 
SLSG accumulate during stigma development and symnw^ 

SS b"; the <«-'0P^^.»T.l*:efe:TnrC S tSn well characterized. Siccus gene tran. 
The cell-specific expression of thwe fl«"'^'" ^'Xrcells of the stigma surface [see J.B. Nasrallah ef 
,0 scripta were localized /" hybridize ion « J*^^'^",^^^^^ immunocytDchemlstry to 

a/. (1988)1. and Siccus gene Sj^P^^Sl'S^airye,^^^^ 
accumulaleinthepap01arcellwaslseeM^.l^a^^^^^^ 

Hnally analysis of erassica genomic D^^'f f"*"^ These developmental, cytological 
isms which cosegregate with the ^"^^^^l^ CmSTfte S-iocus and that they act a. reoogn*on 
and genetic data strongly suggest that SLSQ are tne pro™ 
substances In the self-incompatitrilJr raacBo^^^^^^ 

Acco.dingly.llhasbeenoneofthemainobg2;g,j^^^^^ 
30 self-incompatibility to recipient plants by '^'^'^"9 ^^^^^ gcope of the present invention. 

This and otherobjectlves couW be ^rprisingW^^^^ 
Isolation of a cDNA done encoding an S^oasspe^^^^^^ 

„«reial interBSt because such a done wo^d ^^^^^^J^^oa Additionally. » would be possible 
Jt^uction of these genes into appropriate plart sta^^^^^^ 

ma S40CUS induding 1 ) the SLSG ^en^^^^^^^^^^ and are designated "S^ocus 

Another dass comprises genes related to J^^^^^^^ ^cmology at the amino acid level, 

related- (SU^) genes. All these ^^''5'JJ~;„f ^^^^^ dendfied fiom among the other related gene 
Within any one S-allele homozyg«Je^ *° ! je^d fS^ !•« 3'unlransl.ted end of SLSG^ncodhg cONA 
copies by hybridization to a gene^pecf« pr^^^^^^^ 
By using this3'-endgenespedflcp™be.^eSWg^^^^^ 

^^^S^Sasubsta.^^^^^^^^^ 

. =nr=--:^=^^^ 

? L'rs have been already describ«J in EP -^^^^^^s^,,^, homozygous genotypes. To date, two 
SLR genes have been '-^^jj^;- ^.^^^^^^^^ referred to as SIK1 and SLR2. Both genes 

SLR genes have been shown to be expressea. n s 
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Wift fMaid to the present invention, it is «l«,'"0"f"7. 7" ^ft^ oiant strain not known to ayntheaize 
nKrfe^tSTnS one plant strein m^be in^duc^ J^J^^a^S^'sLceae wherein a SLG gene iso- 

Jave t)een Introgessed into Bressfca napus ^^^^'^[^y^, of advantages that are only found in the 

S^SScBw of unwanted genetic JT-terlal^^^^ 
2!StheSgenefbrlncompatiblitymayt>elink^^^ 

suchTruld^lnthecon^erdalpmduJ^^^^^^ 
« awnprisma the following steps: _ ^„^„ j„ , he production of an S-locus specifc glycoprote« fram a 
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ec . <i Jnnus soeciftc glycoprotein substantially simiar to that exp- 
specrfic gene of sufficient length to express a S-iocus specmc giy P 

"S^^ » "* 

following steps: »»^^orfmm the reDroductlveBssuerf a donor plant; 

(a) IsolaUng a tissue specific ^'^;^^J^^S^se<^uencB thatencodeefbra toxin protein; 

=s=ils:€s-~r- 

reS;l/thTse plants which show ej^^ 

X lurtheren*odin«ntof the pr^n .nvent«^^^ gene which codes Ibrlhe pnKluclion of 

genetic constmct comprising a 9tn.ctural 9ene^p«fc«^^^^^^ 
r„S-locusspecinc9ly«.pmtein*oma8^^^^^^ 

.edf^mthegroopconsistinfloftt^^^^^ p^uction of an Siccus 

Pref^d is a recombinant DNA 
tural gene, preferairiy a structural selected ftom me gmup consisting of the 

a self-incompatll^le plant mom ^^^^l^'^JZZ SLG^ gene of Brassfca ca,npe^ and mo^ 

-.t^Cnrgenecanalsohea.^^^^^^^^^ 

-%.presentinvent.n.rtherre.atestoam^^^^^^^^^^^ 
constn.cl that besidesastructural gene encodmgaS-l^^^^^ 
^cturalfl.nes.prefe«.-yarepc,tergenethee.p^^^^^^^^ 

poratlon of the associated stn.ctural S^ne enojh^g a S^««8g ^^^^ ^^^^^ P^'^^^! 

DNA transfer vector comprising : ^ jhe production of an Siccus speoiflo 

(a) a stnictural gene, especially « ''"^^i"' gene which is selected ton the fl«»ip 
glycoprotein ftx)m a self-lncompahble fja J, P^J;"™*™ , ^eracea and the SLG^ gene of Bmssto 
Snsilg of the SLG-13. Sl.G-14. SLG-^fle « wh^^esTthe production of an Siccus specrfic 

incoTDorated into a plant. 



(b) a transformation veciui » • 

gene when the construct is incorporated .nto a plant 
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u- nwA transfer vector that besides a structural gene 
The present invention further relates to a SeT structural genes^ prefembly a reporter 

en Jding a Siccus glycoprotein further "It^Hf m^^^^^ ^ 

X ZexP«««ton of which in a t«"«9enic ccH .s -ndc^^^^^^^ 3 

hralaene Into the transgenic cell's genome. nMAtrarefer construct vi/herein the stiuo- 

Jl'^Trefe-d within the presentlnven^^^^^^^^^^^^ 
uiralgeneisoperablyllnkedwithatissueepecmcfja^^^^^ 

Z^ssed only m the reproductive tissue Pref««Wy " P'^" ^.^reof comprising a stmchiral 

"The invent further relates to a sdf-^nc^^^^^^^^^ 

stru^^e Which encodes forthe production 0^^^^ 
blt^nJtically linked withoneormoreftn^^^^^^ 

Snegenlc^lllsindlcatlveoftheincorporaton^^^^ ^^y, ^ Imparting herbldde 

. ^^^^^^^ 

?n«ne;2 the sequences responsible for the correct t^^^^^^ 
" latioLTmet:G9en«havebeenshowntoreside.n^^^^^^^^^ 

.Wm««rtanBion experiments have shown that the 5 -ena oi experiments have shown 

Ters^rsTthe^^^^^^^ 

Z an SLG-13 gene containing only 411 base ^ tothe mmai j ^ 
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ftis expression, the present invention utilizes an E. '^^''Pf that within 

S-locusJcoprotein gene promoter activity in bssues of de^eloprng to«e«. J9°«; ^J^^'J^i^^^fc ^ 
the present inventton any other suitable reponer gene can also ^ J'^J'^^f^'^Vl^^ 
ronstructedbyinsertlnga3.65kbBamH/tl^gmentc^^^^^^^^ 

gene, especially a SLG„ gene (although ottmr SLG f."^^ ^t^p^J^Kent extends iom a BamHI 
Lss/ca derace. [see J-^^^ ^J^^" ^^^^^ in hetH^ie'^^ttedLn the S,, Hcmozygote to a 

site 3.660 kb upstmam of the '''^^'^^J^^^r'^^l^^]^ mutagenesis) into the GUS expression 
BamH/siteinlioduoedBbp upstream of UieATGbod^^^^ 

vector PBI101 [see RA Jefferson ^'>>-^^^^^^^^^",;^^^ ^, b easily transfomted. and In 

dbps/s ifta//ana. a memberof the B««^^^^^ 

which Iheseif incompatibility trait is notknowntooccur^^ 

plantamakes >An,Wdopsfe well suited fbrtheandysjso^^ 

g,ycop«.tein gene. Root segments are following infection of 

plants are selected based on as described in 

Arabidopslstharmtm (L.) Heynh. f ^^4 jwt e^Jlan^^ a strain derived from helper plasmW 

S^gSZedlu^contalninO^^^^^^^^^ 

In addition to the reporter gene fusion descnbed f of tissues that express 

to further characterize the sites of ^f^:^'^'''°''^^Z^S^S^^<^'^i sequence of the 
the S^ene. In this construct, the 3.65 kb S„ gene P"^**; S Be^^n. NucSc Adds Res. 

Diphtheria toxin A pdypeptWe^ Plant ^^^^^^ 

12 :8711 (1984)1 to generate Pl^smidpMiaiT. raphtherta»xin«^ >v^ ^ ^j^,,,^^ 

esls through ADP-ribosylatlon of elongatton factor II ^ "^"V cSng ef aJ (1989)]. These 

(1977)1. and has also been 

cytolDxlcefrectsaltowaslnglemolecu^»ofOlphJeriato^^^ 

^i^KiShrrrrpr^^^^ 
"--yC^jraT^r^^^^^^^ 

sequence (structural gene) may be used as a ^^^^^^^^^ and ter- 

expression Signals originating fran genes of plants or ^^^^^^^ 

minatorsamthoseoftheCaul.ftewerMosa.c>m.sgen^^^^^^ 

orhomdogousDNAsequencesthatstBhavethech^ert^^^^^^ 

SrorC^"e^^^^^ 
3eqir^^;i"Sr-»^^^^^^^^ 

of the gene map [Frank G e( a/ (1980)1. fraament between tt« PatI site (posi- 

The 19S promoterand 5' untranslated region e fl^"^* JJ,^ al (1982)1. The com«ponding 
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Cashmom A (1983)1- „.u,n «m Kasue soedfic plant promoters that direct the expression of a 

Preferred wftWn the present invention are tissue spe""^ P pistil, of a recipient plant Expe- 

Unk^lictt-relgeneinthereproductive tissue. prcrf^W^^^^^^ 

Wlyp«f-m.dls8tis8uespecificplantpremot«^^^^^^^^ 

speJincflene. prefembly a a S^^^ "^^ ^ approximately posiUon ^ 1. and 

a region of the SLQ-13 gene extendtag ^^'^^^PP^rfLlaDWOxiiTOtely position -1^ 

„x»?pr0ferably a,e9lonoftheS|^13genee^^^^^^^^^^^ ^ ^ 

uon of the 5LG.13 gene, which region Is rapaWe or o^re a ^ ^ ^j^.^^ p,3^ 

d stnictural gene in the repioducUve ^^\^"^^^ou!.t^i>BJs known that may also be u«d for 
Besides the pKm^ter region there are ftirt^^^^^^ 

tt,,con8lnK^ofchlmericgene^|2'u«»i^^^^^^ 
latlngthetnmscrlptlonofana^^edD^^^^^^ 

^here are.fbrexample. Individual P'f oxygen deficiency, light, eta. 
factors, such 88 plant hormones, heat shock^ <^^^^ 
Asanexamplecrfgeneregulatlonbyap^anthon^^^^^ 

r^errsrcSiisr^^^^^^^ 
. rira"rr;:ics::~«;,r^^^^^ 

gene of beans («i8seo/uevu/B8rfe). „„^„ ^lanes of soybeans has been studied In detaB.Treafing the 
The regulation of heat-«hock-«n8itive P"«!^" «^"^,f^'^„^gyntt„sis of soiled heat-shock pro- 
p,8nrnver8lhou«atatempe«h.reof4^C^^^^^^^ 

£,„8. Alargenumberof thoseg^iesha^^esl^^ For example, if the premoterof 

» rhSrjrrth^v^^^^^ 

.ear^Xaoftt^esmailaubunlofribul^-^J^^^^^^ 
35 have shown that the S'-flanldng 8equen«, ^ «J^^?^^2^^ ^^^^^ ^ to that sequence. It ha. ateo been 

"\hea^h.dehydregenasegen«(adhge.^^^^^^^^^^ 
. adhl^genef^n^tawasisdau^^^^^^^^^^^ 

45 chemial regulators. „„„,wned bv way of example above may be of both natural and synthetc 

«, •ncepenTata.«.foraxample.8peclfi«^yj«^Wte^^^^^^^^ 
. TI«variou88ection80f88quence«ntelnk«^ 

DNA sequence expressible in plant cells. S"tebio melhodsinauae. fragments. 
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maHon in a host cell. ^ invention include, for example. 

Selectable phenotypic markers that may be used ^'^^ J^^;^^^^ G418 and neomycin, bat this list. 

A. . f«le. » v«« and «» ONA »«>r^"~ "f""" 1, ^ tol, Uuxt ««te. tor 

of complementary homopolymerio ^^^J^^^^^^jf^^^^^^^ synthetic ollgonudeotide sec^ 

molecule using a temiinal deoxynucleotidyl '""^^'^f • -.^avage wWi the appropriate enzyme. 

ences (linkers) that cry a restriction ^^STused tS Increase the number 

The doning vector and the host cell jan^om^ed ^^^^^^^ 

of copies of the vector. Wth an increased numb« of ^^^^ 

gene constmctton and prepare tt. for examj^^^^^^^ 

In afiirther process step, 'h"" P'«"^"f 

the structural genes coding '"^^J^^'^^J^^S ^^o!^^^ to Integite them into the plant genome. 

consisting of the SLG- 13, . Brass/ca campo^ and most prof- 

glycoprotein, further comprises a gene «P«"« "^''ISJ^'^^,^ hygromycin. 
Snparting hert,icide tolerance to one or more "Jf L Jnidazolinones. wherein the 

tuml gene is operably linked witt, a tissue 'f^^^'^'J^ '^^^ of a recipient plant 

50 expressed only in the reproductive hssue. P™''^^"^^*^,!^^^^^^^^ 
"^eabovedescribedtranslervectorscom^^^^^ 
the target plant byavariety of processes whtehtevet^^.^^^ 

One possible method consists, fbr example n » f^^^^^^^ protoplasts derived ftom plant 

terium This may be achieved by infecting sensrtwe P f ''^J'"'^"^ be used as a vector the 

« S^Twithin Jscopeof thisinventtan.CauliflowerMo^^^ ^ p^A 

"sartion of the dnimaeric genetic "^^^^^^^^^^^^^ 
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T nnn^ssentialsites Within the Viral part of the recombinant 
Liction is ctonad into that deavage site. . .„„i-_,e specific restriction recognition site, may dso 

l;„rsr.rjror.^^^^^^^ 

' i^tt^^lmod of inserting the chlmaeric ge^^^^^ 
Se8aldgenecon8tmclton.Thetians9entcptort(^l"«^^^ 

to tte pison sklled in the art. so that they f.'^^^,^^^^ mixed infection using both Agrobao- 

possible method of transfbttnlng plant mater^^^ 

terfJ^^S^^-ndtrarvrfom^ed/tgrobacteJun,^^^ Lned on the basis of fte A 

cells Oi»oflh08eregiom». the transfer^NACr-DI^)^^^^^^ 

^n'^Z^B The other region, the v«~len«»-l'««'^;fl i^^X-oilA t„ ^^arged by inoorpor- 

S^rS^r melr maintenance. The <»»r SstgTmpaired. By removing the tumour- 
30 ST^ 'tl^Tchlmaeric gene '""^^'t'" "Ita^T^^^ ^'^"^ can be used as a vector 

niclnggenesandlncorporaangasja^n^^^^^ 

« within the same Aff/o/jacferfum ceil. Mvir rev 
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20-C to 40°C preferably from 23-C to 35-C and more especially at25'C and In difluse ''9«'\*f '^^^^^^ 

stmctton am subjectedtoelectrical pulses of h^hfeldsfrengaij^^^^^ protoplasts 
the aid of the above-described phenotypic maikeis. , 

(SchocherRJefa/1986). ^«..i*««^n,.o takina ud and Integration of various DNA 

mal seedlings. „„.K.„-ai„m iha aenotvpe and the previous histoiy of the 

Efficient regeneration depends espedafly upon J^^^ lepmducible and 

culture If these three variables are adequately controlled, the regenetBtion » compiew y 

vegetatlvely. preferably In the fom of sterile sfioo' f""^ . . ^ rf«ntaanomeofthe regenerated transgenic 
'ThestilelntegrationofanoperatWreexf^^stole^^^^^^^^^ 

plants is verified by ,efe«ncetothemlto«cs^b.^ 
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seeds embryos, pollen, ovules, zygotes etc., 

said stiuctural gene Incorporated m 9«"";*; ,e,f.incompatiWe plants txjmprising a stiuctural gene 

ductlonofa ^ ^.^.-.-.ne is aeneUoally linked with a gene capable of Itnpartng 

n S^B specific glyooptolain and said 0^?' " ^^^^^ hertJcide tolerance to one or more herbicides 

herbicide tolerance. p-r(.«blywithaflenea.p^^^^^^^^ 

nrp^.e.redaref«n.eand/or.alester»e.a^^^^^ 

productioS^atoxlngene.ope«Wylinkedtoa^^^^^^^^^^^ 

ithe associated toxin genelnlherepK^^^^^^ 

Arnorecornpleteundetstandlngofthepresent^^^^ 

and examples which a« P«sented ^^^^f';;^J-^;Zir^ the S13 SLfi gene and shov«^ the der^ 

Figure 1 1S a ^^^^"^^^'^^fl'^^J'TZT^ box represents the SLS6 protein^ing regton. 
vation Of the 3' p«,be Bpecite to the SLG gene^T^^^^^^ 

TheWackbarindk^tedbytheaffowt^dM^spond^^^^^^ 

ficprobelsderived.B-BamH1 :E = EooR1^ SlS" SLG-22 and SLG-Z B = Banr)H1 : E = EcoRI ; H - 
Figure 2 b a restrictton map of genes SLG^. ^^^J*' .-_tatton is In the 5'— 3'directton. 

Arabidopsis. 



KinKLUMlTING EXAMPLES 
35 f^PHRTri recombinpnt DNA techniques 
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uenpiiM ipw"**"" *" 

A ClflBvinp with e"''P""g'«^^"^ 

' e«. cnn „/minf DNA in the buffer solution recommended by 

A readkH, batch typically contains at«ut 50 '^J^'^^^^^^^^^l^on endonucleases are added for 
themanufac.urer.NewEnglandBiolasB^^^^^^^^ 

each M of DNA and the reactton batch .s ''^'J^^J~2 at 65-C for 10 minutes or by "traction w.ft 

S's.orr^.-roreS^ 

106 of the Manlatls ef af (1982) reference. 

Bjiaa^nentoft^^ 

^.o^OOpg/^ofDNA^entsareaddec^^^^^^^^^^^ 
ufaoturer.New England BK-al,s.ll,ereacttonbaU^^^^^^^^^ ^^.^ ^^.nated by 

trations of 0.2 mM. The reactton takes place ewer « Pe"«» " endonucleases that produce 

SSat65-Cfor10minutes.Forfr^men|soW«^ 
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Sad, the T4-DNA polymerase is used. The use of these two enzymes is described on pages 1 1 3 to 1 21 of the 
Maniatis e( al (1982) reference. 

C. Agarose gel eiectrophoresis and purification of DN A fragments from gels 

5 

Agarose gel electrophoresis is carried out in a horizontal apparatus, as described on pages 150 to 163 of 
the IVIaniatis et a/, reference. The buffer used fs the tris-borate buffer described therein. The DNA fragmenta 
are stained uslr>g 0.5 mg/ml of ethidium bromide which is either present in the gel or tank buffer during 
electrophoresis or is added after electrophoresis. The DNA is made visible by fliumination with long-wave 
10 ultraviolet light If the fragments are to be separated from the gel, an agarose is used that gels at low temperature 
and is obtainable from Sigma Chemical, SL Louis, Missouri. After the electrophoresis the desired fragment is 
cut out, placed in a plastics test tube, heated at e5'C for about 15 minutes, extracted three times with phenol 
and piBcipitated twice with ethanol. This procedure is slightly different from that described by Maniatis ef al 
(1982) on page 170. 

1$ As an alternative, the DNA can be isolated from the agarose with the aid of the Genedean Wt (Bio 101 Ina, La 
Jolla, CA, USA). 



D. Addition of synthetic linker fragments to DNA ends 

If it is desired to add a new endonudease deavage site to the end of a DNA molecule, the mdecde is 
optionally first treated with DNA-pdymerase in order to produce blunt ends, as described In the above sectton. 
About 0.1 to 1 .0 Jig of this fragment is added to about 1 0 ^g of phosphorylated linker DNA, obtained from New 
England Bidabs, in a volume of 20 to 30 nI with 2 nl of T4 DNA ligase ftom New England Bidabs, and 1 mM 
ATP in the buffer recommended by the nr^nufacturer. After Incubation overnight at 1 5*»C, the reactton is termi- 
nated by healing at 65«C for 10 irtinutes. The reaction batch is diluted to about 100 |il in a buffer appropriate 
for the restriction endonudease that deaves the synthetic linker sequence. About 50 to 200 units of this 
endonudease are added. The mbcture is Incubated Ibr 2 to 6 hours at the appropriate temperature, then the 
fragment is subjected to agarose gd electrophoresis and purified as described above. The resulting fragment 
will then have ends with endings that were produced by cleaving with the restriction endonudease. These ends 
are usually cohesive, so that the resulting fragment can then readily be linked to other fragments having the 
same coheshre ends. 



E. Removal of 5'-tenminai phosphates from Dl^ fragments 

During the plasmid cloning steps, the treatment of the vector plasmid with phosphatase reduces the recir- 
cularisation of the vector (discussed on page 13 of the Maniatis et al reference). After deavage of the DNA 
with the correct restriction endonudease, one unit of calf intestinal alkaline phosphatase oltoined from Boeh- 
ringer-Mannheim, Mannheim, is added. The DNA is incubated at 37«C for one hour and then extracted twice 
with phend and precipitated with ethanol. 

F. Linking of the DNA fragments 

If fragments having complementary cohesive ends are to be linked to one another, about 100 ng of each 
fragment are Incubated in a reaction mixture of 20 to 40 nl containing about 0,2 unft of T4 DNA ligase from 
45 New England Biolabs m the buffer reoonrvnended by the manufadurer. 

Incubation is carried out for 1 to 20 hours at 15«C. If DNA fragments having blunt ends are to be linked, 
they are incubated as above except that the anwunt of T4 DNA ligase is increased to 2 to 4 units. 
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G. Transformation of Dl^ into E, coli 

E CO// strain HB101 is used for most of the experiments. DNA is introduced Into E ceil using the caldum 
chloride process, as described by Maniatis ef a/ (1982). pages 250 and 251. 



55 



H. Screening of E co// for plasmids 

After transformation, the resulting cdonles of E co//are tested fbrthe presence of the <«edred plasmW by 
means of a rapid plasmid isolation process. Two customary processes are described on pages 366 to 359 or 
the Maniatis ef a/(1982) reference. 
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M Marian •COaOa-*"'"- 
(BRL). They are used In accxmlance wtti 

!Si52y*!?ni5!5L£!^ hi«ctedtoelectK)phoi«slslna0.8% 
HMA Is first treated with restfictlon enzymas.***" hybridised with the 

The extracted DNA nltrocelluloso membrane pouthem E"^"'^'' /^^Hies of 5 x 10« 

to 1 % aga«)se gal. "L^S^ubjected to nidcHra^^^^^ 

sodium nf 24 to 48 hours, 
film over a period ot ^* w 

I y.^«>mblotanaly8l8_ ^«.dBleclroohoreticallytoanltiocel- 
M «,^«mMeflelelectrophore8i8>epioteinsaretransfem^^^^ 

AfterSDSi)Olyaciy^am»« 8"^; J^^^ with a blocking ^ith an antiserum 

.uloseornylonfilter Thlsllterij^nfiJ^Jg^ 

lnPBS:lnthelbilowlngraien«»«--j ' 

to an enzyine 

M^NgggrnblotanalyslB ooemann ef a/ (1987). but it is 

advantageous to fr>'««"'* rv „Amx)\s then fractionated by f*'*"''™^^-—^ ^ •Zeta-Probe' mem- 
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«f nClB 542 an on moine vin 

^tntheplaneoftheT-DNA w n (19T8)1 is of interest because 

IHood. E.E.. et af. (1986)]. m spectlnomycln drug resistr 

drug resistance gene. fc„„Mvdn dwg resistance gene re(«a«a oy- i^^^ ^ ^ ,^ 

Adirlvat^eofEHAIOIhavlnfl"^^^^ 

of homology to the len »»• « J»J separated by a unique Eoolll s^. ^ne p ,13^ acces- 



;*e7ght%WeofBam2aofp11Bo^z^^^^^^ 
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gene isolated from an agarose gel. and ligated into EcoRI-restricted p |-,;!j'f^,307 "Hi^^^^^^ ^mbjan^ 
I selected as a spectinomycin resistant (50 ug/ml) tetracylina resistant (10 ug/inl) transformant of E. col, HB 

Plasmid DNA is introduced into agrobacteria A136/EHA101 by transformation. The desired transformant 
is JSTd by srpLycin-resfetant tetracycllne-resistant kanamycin-resistant P^enotype. Homogenot^ 

=°'!S2:Sr«l l'-^" 

sensitivity. This selection is confirmed by Southern analysis. 

rb) Construction of transformation vectors 
Example II ; Transfomiatio n of Brassica napus 

and analyzed for successftjltransformauon. _ . ^^^^.^theSLGaeneintransformedBfBSsfca 
As partof the analysisof transformed plants, the stable ""^a**^"**^, ^» ^ ^ SLG gene, 
napusisexamlnedjnvlewofthepresenceinjean^^^^^^^ 

^L'^dTarofTsMS':^^^^^^^ 

untranslated region of SL5ti-curw\ ^r^™ i/. nMAfr«m itb-i hutnotin DNA from the untransformed 
mation and regeneration. 
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Examplft 111 : DMA blot analysis 
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CAaiiiKiw • _ 

PM at 8/(1981)1. RestrictkmfrBgmenteareft^^^^^ 

„«mbrane [Gene Screen Plus is ^[^"Pj'^i^^^^^^ i (w/v) dextran sulfate. 330 mM sodium 

phosphate pH 7.0. 10 mM EDT^^. J % (w/^' „ ^ 3'probe labeled with «P by random 
Company.StUuis.M^US/^aM^^^^^^ 

priming.ThablQti8washedin0.3MNJ1.«^^ ^ ^^^^^^^ screen, 

sulfate at 65«C. and exposed to Kodak ^ ^ primary transfomiant is demonstrated by 

The stable Integiatlon of the S13 gene irto the f 'T^^^^JT^ -Westar- line. DNA is isolated at 
me a^iysisof progeny plantsobtalned^se^^^^^^^^^^ 

fte seedling staaelhDmtvwnty^neselfW prt^etvPlante^ irtegtation at more than one 

selfad plants era shown by DNA "^^^^3^^^^^^ 

stteM7^1.Thlsc«iduston ^supj^^by ^^^^^^^^^^ ^ ^..^yc^^r^^^^-^ 

population is examined. Out of 72 selfefl PfOfleny p ^^^ed for two integration events. Furthermore, 

Zo with dose fit into the 1 ■:;^^^ZT^^:^ZZ^^.iourp\^nrs a^shown tolacktheS13 

"^rorne's^^^e^rsr^^ 

dIgUssueculturB. u...„«ft,n«ites are the results of the analysis of restriction digests 

Conalstant with the '-^f ^"IS^t ^'st? ine bT^^^ '^''^ ^\ 

of Qenomic DNA isolated from the recipient "Westar- J™^^^^ ^ „„ialn the 11 kb fragment 

?rS;d.gas«onwHhEcoR1.theDNAfm^^^^^^ 
carrying thaS13gene.Afterdlfle8tionw^*HindlM«swa^^^ 

E-ii^erD^inrr.rrr^^^ 

n.ant17B-1 e.i«tedpheno^icfea.res^c.^co^^^^^^^ 

™ded stigmas and loss Of apical ''"J""^-,'''^^^^^ integrated into the 178-1 genomejn 

wrinkled-leaf phenotype at the aeedling stage. Thus »\' "^'^ ^ ^ ,ant8 are recovered which had 
iTe ^^lation'of 20 ^ants tHesa two plan^ 

nom«l leaves and are thus appajwtlyfrw of R^^^^ 
35 areshowntocairytheS13gene.indicatogthaltheR.andT^^^^ 

andthat infWuregenerationa^nsgen^a p ante^^^^^^^^ to confirm «ia^ 

The expresston of the S13 gene .n '^"/^f the SLSG encoded by the SLG 

authentic SLSG is being synthesized ''^ 7, ^J^^J^.^ t«en shown to react with MAb/HB a 

gene in the B. o/eracea S13 homorygote ^1^°"" fg^J^J^for a protein epitope of SLG6 IKandasamy MK 
„ monoclonal antibody raised «9""'«;"'^.«t^,^^^„f "^^ Ll are not known to synthesize SLSG and 
af al (19B9)]. Stigmas of the "Westar- recipient plant on 0^°^ S13.SLSG. and show no crossreartivity 
J ?n?cS! thSlack a protein wjh the f "^^t'SS")^ 

withanti-SLSGantibody. of S13.SLSG in stigmas. No ant«en.c 
\r\ analvais of tissue extracts from plant 17B-1. showea me P|«" j . j, the same 

« ^^elt detected in the style, ovary or leaf. ^ "-i^/.^^^,^^^^ ^ectmphoresis (SDS- 

^bOity as S13^LSG is evident ^"''"^"L^^eve^S^ ^LSG and cons^ting of 

PAGE) immunoblotting of 17B-1 stigma ""tracte reveal^ a paue twenty different 

^d^Lof three spedeswithan^leculerwe^^^^^^^^ 
Inflorescences of 17B-1 are tested by immunoblotting fdlowmg sua 
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iting that the plant is not chimeric, 
r^^^^^^^^ ^el electrophoresis 
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. • • ™u Tn,-HC1 oH 6 B 2 % (w/v) SDS. 3 % (wN) dithiothreilol. 20 % (v/v) glycerol and separated 

of six reference proteins. 
Example V : Inwminoblotting 

membranes wHh bound protein a« blocked J„'^"JJ^J"J^J^ antibody pixxluced 

^""^HfilS rfS?G produced by 1 7B-1 la detennlned as a function of stigma development and relative to 

of a dOution series of total stigma protein extracted from »P«Pj°r^^"^°Tma8 contained only 
ThB data comoied from different extractions and diutlon senes Indicated that "^1.^ 
S?it%TtSlYevS of SLSG found in open flower stigmas of the B. o/eracea SI 3 homozygote. 

Example VI ; QuantHatf ve analysis of SLSG 

ti^rotrarrarro^^^^ ?^°s^n.. .» . 

spectrophotometer equipped with gel transport j'^'^f^'j;^^ „apus Is also studied, "ma 
The papniar-cell specific expression of the SLSG ^^^^^^^^^^^^ ^beling of fixed sections 
spatial distribution of SLSG In transgenic stigmas .s '^^^f^j'^XO^^^^^ "B-l stigmas 
using liflhland electron microscopy. OfthevariousceHsofm^^^ 

stained positively for SLSG ^^'^^''^^^l^'f'^"'^^^^^^ which are sub- 

of the stigma and cells of the style fafled to stain. ^o-nparaWe secto^ from ^ antibodylnd are used as oon- 
jectedtathesamestalnlnganddevelopmentpr^^^^ 

trols for both light and electron microscopic "^7"°'°"""™";^^^^ ^ untransfomied "Wester- plant, 
labeling resulted in the absenceof gold particles oversecti<^n^^^^ 

,„ptent17B.1.on|ythe^^^^^^^^^^ 

to the B. ote/acea S1 3 homozygote. ^eeoc ia •Westar* and other lines by removing 

The fertility of 17B-1 gametes Is assayed .n ^Jf^f^,."^*^*^,^^ pollinaid stigmas 

3^ seeds per silique on average. ^, ,„„an«n«. olant b anahwed by mlciosoopic monitoring 

The compatibility/incompaHbiiity phanotype erf the ^f a large number of 

of pollen tube behavior fblowing pollination. In this '^^^'^'^^ SfaZ^^ developed pollen 
ponen tubes Into the stigma is indicative of a compabbte r^^*^,^^ 
Erbesislndicativeofanincompatibteinteradion.Self-p^^^^^^^^^ 

tar cuitivarara performed, and PoH-^^^-e^pm ^t ^^p^'^o^^^ ^^^ination^ -m^^^^^^ 
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. ui '^k n naous 'Westai' cultivar based on 
Table 1 shows that plant 17B-1 is reciprocally ^^^^Zv^s on^f^^^^^^^^^^^ '"'^"^ 
I,e dense pollen lube g«.wth into the stigma ^'f^'^^^J -"^JJi^^^^^ m So different pollinations, bo- 

TZ h^rs fd.o,^ng pollination only '-^"^^'"Xa^^^^^^ * ^« -""^ 

h«een 4 and 57 invading pollen tubes a« ""^^-^^J-v^ ^ ^baer^ed. 
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17B-1 
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*.averagenumberofpolkntubesperstignu, 
^ : indicates that inntnucrable tubes arc observed. 
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. illUXVO*^'* 

nitrogen and stored at -70'C until use. 
'f^fO"" development 

to floJa ^veral day, after -theS-V On bv -^^^^ I'^^ZeJ^ mn, ; bud 1 d before flowering are 48 mm. 
d befbre.towe.ng ^ ^^^J^J? = ^^y ^^^^^^ not collected forstudy after th.s po.nt 
Flowers are 45 mm on the first day mey usien 

j^ONA^ndro^A^n^ or by nudear DNA extraction 

DNAis pr^paredftom leaves Of transgenlcplj^ts^^^^^^ 
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phale pH 7^ 1 5 % (<*'^°l!,° J8 « «(«SB)I lab«ea «», "IVIATP using • iBn««Kiil"»r 

ter. 

Protein gel blot analysis 

Soluble proteins are extrBCted from leaf, stigma, style and anther tissue in 100 mM Tris4^C1 biJejP"/^^ 

2800 Woods Hollow Road. Madison. Wisconsin. USA], 
Kg} Immunolocdization 

micion longitudinal sections are cut and mourrted J" f J"^ chloride) containing one 

tiallv in Dhosphate txiffered saline (1 0 mM sodium phosphate pH 7.2. 1 50 mM soaium ^=^^1 J, qq 

Heights. Illinois. USA], pwomnie VI are tffown to matrity along with nineteen non- 

as transgenic plants. ,, ho .;i c oene althe RNA and protein levels as detemiined by RNA 
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of lannlpt omii«d X «»" «o«»= ™ """"J S !?! iS„ and sMe o( wnsjenlc planH Is P» 

The SLO 99118 1. e<|»wo»l '"*"'*^"'""Tr?™|_^ mn.iiB looalMllon In N. atta. H» !<«»• 
«^nh.nc«lln»»r<w«C.Wnic™«^*^~«^ ,„H„a»p«l. 

Sm.>L«theSL6flene is expressed onlylnthes^^^^^^ 
ofen««» and the S^soaated genes oma^^^^ 

larity. PowiWythepromoterieglonsof je a o/eraoM^^^ In the host plants. The 

mows which mierBCt with different spatial and 

tissues appmpriate to a '•'^-'n^^P^^^'Sf^^l^^^^^^^^ by seed set elthouah the SLG 

,„te«slingly. the transflenic P"-;;^ "^^^^'^^^t «Tincompatibrrty may not be present 
gene is expressed. The full complement '^^^^ ^"^^^^1^ ^ t^e S^octis are expressed in Brassica 
I tnmsflenio tobacco. Seated * 

n alondeetal.. 19891- These genes and geiws unrelated to tnes^^^ ^ 3Lsq^ 

Lnof,elf.ncompatibill.ylne«s^«.nte^^^ 

expressed atthe dry stigma surface In Br^ssica.«ntit^j^UB^^ ^ 

andtor cannot Inhibit poUe« ^''^^^^^^^^ genes have not yet been 

incompatibaity genes. inrmdudna cloned and alleles of the SLG flene 

TnS S allele, have been introduced into /t«6/dops,s as well. 

e pi, MM : Sln ffle croee hy brtd production 

Plant, from a se.<ompa..b.e. herbicide res^tantHne <';P;;"^Sl;^^^^^^^^ 
foranS^ocusspecr^glycoproteinlinkedwlthagenec^^^^^ 

sed with a setf-fertile. herbicide sensitive hne^^^^^^^^ 
erationthatiaS0%8elf.incompatibleherb.aderes«te^^^^^ 

from the setf-ferUle. herbicide sensrtive plante jj' ^^^^^^ and will have normal seed set 

patfble allele linked together. 
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g^mmple IX : ProHartton of hybrid seed In the field 
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A is (esiaiM bste. harvert. in Ihls msBnce. all '"^^'^.'ZmM l»8..1»6(iu.i.lapp11c«k»,oft»r. 
vesting Line A. 

Exam ple X ; Maintenance of th a hetaroivgous line 

selMertile. heibicide sensitive plants (Sj«-). . ^ . . . . ,„__-oo-dina to the heibiclde to which the self- 

only tl^ heterozygous self-incompatible. herblcWe resistant plants (S*S ) alive. 

r^^^^, ■ . H ^KHd production f^m lines containing dWfemnt S^ncompatlble loci 

nata alineof plantes which are hetB««y9ou8. sen incompa . 

self-incompatibflity and herbicide resitance am linked. ^ "^^^ ,„ 3, 

specific glycoproteins. The pmgeny of these Hnes w, ""^P^ J"^^ ffi^C^SS^V^e Pto- 

capable of being fertilized by other like plants, and hert>ickle sensitive. 

Example XII : Maintenance of Hne« with different S-lncompatlble loci 

Heterozygous self^lncompalible.herbldde resistant LInesXandYmaybemaintalned in thesan«m 

as Line A Is maintained In Example IX. 

Example Xffl : 

,„rr-r^r„;irsr^rr.^::^.^^^^^ 

Example XIV ; Construction of plasmide p MTKB and pMTK17 

.„SUOgenep.m.«MJ.^^^^^ 
Theol^«H.cleot.l5-GAAM^^ 

changes (underiined) m the ^L^" "^^l"^?^ S« promoter fragment extended from th« 

the diphtheria toxin A pdypeptWe is isolated from t^^"" °^^^J^*Xtl^'„ «H.l8ng plasmid 

BamHlsiteb8tweentheS.3P«moterandthenopJ^es^h^^^ 

pMKTIT, has a kanamycin resistance gene for transfbnnatlon selecuon ana me « 

DMA borders. ^ ei: kh BamHl S« promoter fragment Into the BamHI site 

An S„ :GUS fiiston is made by mserting fte ^^^5 kb BamW S„^^^ 9 
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borders. 

Example XV Tlsaue-specffic expression of the GUS reporter g ene 
Thera8uItinflvectorplasmid.pMKT8is introduced 

latedwim4grobscterfofriceU8 harboring pMKT8.atwtransge xuevnh strain C24 root 
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• a„4» a 3:1 «.l 15:1 n»ic. .c,p«:,i«l, (.ignificm „ *e 5 % I.«H»«d on X" 

tests). 

ioaic^s no OUS W i^a- '^^<^- 

iadicaie differences in intensity of GUS staimng. 
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For ten transformants. the observed km' :km' segregation rattos are either 3 :i or 15 :1. Thus mdicabng 
that these plants carried one or two T-DNA integrations, respectively. The ratio for transfbrmant 5 is aberrant, 
and could not be used to predict the number of T-DNA integrations. The IntergraUon of translbnning DNA m 
several km' T, plants is additionally analyzed by DNA t,lot ^ybridlzadon to p J«teally f^«^^;^»'^T-DMA 
insert in QUS positive transfomiants. A restricaon fragment of the expected 3.65 kb size is WenAed when ttie 
3 65 kb SamH/Vlocus glycoprotein gene promoter fragment is used to probe BamHMigestod DNA isolated 

various transformani. All transfomiants contained the pradlcted ^-SS «cb S„ promoter fta^^^ 
contained addlUonal bands homologous to the S-promoter probe, suggesting hat they <»"'a^«^«r;'^ J 
T DNA copies The pattern of hybridization with the GUS probe indicated that all transfomiants contained mul- 
tiale T-DNA copies ; in some transfomiants these copies may have been genaUoally linked, w some report^ 
gei fusions may hkve been hiactive as indicated by the segragation of knf found in selfed pmgeny. No hyb- 
ridlzation Is observed wHh DNA obtained from a control urtransformed Ambkk>paia plant , ^ , ^ . 

M^B^^TBsiit^rM T, plants exhibited GUS aothrtty in the ptetl. The blue GUS staining Is deterted m 
the stigma ^rface. is not detected in style or ovary, and Incraased as*e sbgrna matured^ 

Se tinsity of sfaining is observed in the prageny from fbur transfomants. ^ P'""^^*' « 

and 20 In these planta. GUS activity is detected in anthers as well as In stigmas as depicted m te prB«d.ng 
T^fZ^ZXTstB^nlns Of aTthera varied, and is strangest in the progenies of plants 2. 4 and 20. and 
wSk;^ in rSrogeny of plant 5. In the progenies of the remaining 7 transfomiants. the ftision gene is e^fter 
^exSiJ^S STSe anthers or is expressed at a level too low to be detectable under the condtons of the 
SZmlS^Z The variation in differenttr^nsgenicnnes IS attributed^ 
^ Lelopment pattern of Siccus glycoprotein gene promoter 

«f i™rrfh™«nt92 4 5 and 20 No GUS activity is detected in the leaves, stems, or roots of the transgenic 
IXplTlnal't^Cnlcir^^^^ 

r !2i n-Tm rf 1d«S oene expres^on is observed In these lines, and Is Inherited in the T, generation. 
?hrpirrsrmSTa;=tica.ly in Fig. 4. More spec.flcal.y^ this ^-Jj^^^^ 
htatodtemlcaldetectionofGUSactivity in the antherandstigma tissues of transgenic Ara^^ 

i^^pS aXllen development In thlsngure. ''^'^*^'^^^''^'r^!:^^L^lZZ^ 
l.«S^hed areas are estimates oftherelaHve staining 1^^^^^ 

developmental pattern of expression in diagrammatte form. „, ,h- at 7 dava 

As deleted in Figure 4. GUS activity la absent in premetoUc buds and buds of the tetrad ^age atTd^s 
hrfore anS At ttie earty uninucleate microspore stage at 6 days before anihesls. blue staining is apparent 
fn^Ts i ftt^petl iSation with the b^lnnlng of exine deposition. Nether anthera Incubated In the 
Sut ^y b2r Sou" X-Gluc nor anthera Of untransfbmted control plants showed any blue «tainmg^ 
SdlSSnitlesofnon-specif.cstainingandintrlnsicGUSacth^^^ 

or ™tu« Ddten arains The hitensity of staining In the tapetum is highest at the early unimideate stage and 
r^urdecreaLdTbu^ a^^ ^ before ithesis which correspond to the lata uninucleate m.cr<»pore 

before anthSis. At this stage, neither anther nor stigma showed any GUS activity, n 
IveSon^nS stages no GUS acilvfty is detected in anther tissue, in Isolated mature pollen grains or .n pollen 
aSfge^naton r,;e s^^^^^^ of untransfomied plants. However. In buds at 3 days before anthesls («^rre- 
^;rt?triaSbinuc.ea^epo.lenstage)faintb.u^ 

ino of tS sagma is dearly visible In buds containing trinudaate pollen at 2 days '"t^^ 
i!i^n!Soinllower The intensity ofGUS staining of the maturestlgma is muchslron^^ 

^nXCtrXrgleexpression.fur.^^^^^^ 
buds at differentdevelopmental stages. These are double-stained. firetwjU^^ 

then with the DNA fluorochrome DAPI (4'.frdi.amidino-2-phenyHndole) which .s us^ !' " ^"^"J 
ug/ml [see T. Kuroiwa at a/. (1982)1 in a buffer containing 20 mM Tn»-HCI at PH J A OJ25 M «ia,^ 
eStA. 1 mM MgCU. 0.1 mM ZnSO*. 0.1 n,M CaO. 0.8 P^'f yl-^^VlsuJ"^^^ 
^-th«nni <.r»i 1 % Triton X-100. The DAPI is used to identify the nudear condition of the mlcrospora. t,us 
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tissue Of the anther. i„„«fihiBreDOrtergenefunctionhavedetnonstratedthatthespecifto 
These data resulting from the expression "^^^'^^Pff^^ , .-ton in two tissue types found in the flower 
expression of a single S^ocus glycoprotein S^ne promoter f " and the tepetal 

Xh are involved In the self inoompatibiiity reason f "^^^^J ^^i„3,ely regulated in the 

cells of the anmer. Expression of the S-toous gly^^^^^^ 

Sstaru^-rtrr^-"™ 

locus glycopiotah genes in Brsssfca. Arab,dopal3 ^^^^^^^"^^^^ ^ before anthesis paralleled the 
the dmatio Increase in GU8 •'^""J'"'" Brasafca stmina. 

Acquisition Of the self IncompatiM^^^^^^^ 

in theanther.GUS expression isobser.^^ ,„ crudfen, lsl«sedon theexp- 

TWs result implies that ^^f'.'^'^'i^^S PremdoBc expression as has been preve 
ression of the Wocus postmetohcally in the tapetum. ra'"^™ !; . exhibited only weak 

^y suggested by ICK. Pandy (1960). In 

s Jmg lS«ver.Thislov.levdof expre^onn«yj^x^^^^^^^^ ^^^^ ^ „ as 

gene product in anthe« of ^-^^f^^^J^T^Z gene has the requisite expression profile for 
Shown in the present invention, the ''"f « ^"^^.f^Stib?^ : the novel findlg of Wocus glycoprotem 

r^rLtniran'srs^r-^^^^^ 

of sJocus glycoprotein gene expression in the tapetum. 

numj^n Tl n npT °" ' transformed toxjnjggS 

.addition to^e^portergene^siondescH^ebo^^^^ 

toltotiier characterize tt,e •"^ ^rfS^tK^-^^'^t J^^rfr^^^^ ^ ^ ^^^^ 

fl,e Si^. in this constmct. the 3.65 •'^^^'Sene pron»te^^^^ 
DlpWrrtatoxinApolypepti^lntheplant^o^^^^ 

mid pMlcri7. Diphtheria toxin A Pf^^P"* J^^JJ^rS^,* ^ has also been demon- 

elongation factor II In many organisms Jd>^ng p^an^^^ 

Behringer efal. (1988)1. «.„,«teoenefuston is introduced Into tobacco by AgrobacterfuriH^ 

TheS„:DlphtheriatoxinApolypeptidetM.cg^^^^^^ 

dieted translbm^tion. Eight independent f "7^'" '^HraS n,orp^^^^^ differences are obsen^ed 
tahzed together with eight ^'^'S^'^*'^^^ and sbc of the eight S„ :Diphtheria toxin A 

between flowere. but not other tissues of "^"^"^^^rbe divided into two classes based on the sev- 
polypeptide tn.nsfom«nts. The sU pos.Uve , uansfom^ants. the effects of toxic gene 

the Phenotype induced ''^ 3!.^3^;i "^^^^ tt>ey are more severe. Tt,e diffemnces 

"C^&Sf.s.ndes^bedea.er.theeffe^ofS„^^^^^^^ 
resstonlapp^nt in two tissues of ttie flow^^^ 

appeared nom«l externally, and typtea^^y ^tlCoSnZn flower of these transformants ranged from 
cally shorter than those of *e c«"^' Pl-^^^rr^^^^^ surface of ti,e style, the s«9ma. *e« are 
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ZV^^-r. those Of the con.ro. plants. ^ •j^aJ^S^^^Zr^^ the stigma, there are 

4 to 9 mm. as compamd with 34 to 36 ";^^^^^^J^^^Z^r^MB.J\^B secretonf zoneof the stigma 
additional morpholoflicaldiffer8n«8beh.eenthe^^^^ 

Is ablated In fransltormants. causing a reduction in ""XTcontained regions of brown necrotic tissue. 
SLsu,facetlssue.Stigma.ofb;ansfo^anJ^^^^^^ 

whflethoseofcontiolp.ant8arebnghtgreen.AddWonBlW.M^^^^ ^ a„d ovary. 
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10 



IS 



20 



onlvasliohtcenlral indentation Which became more severe in Older budsjn addition thereteade^^^^ 
i«rdril;priortotiowering.Thisfeindrama^ 

Z;Sc;nbol.Thepapfllar cells at the stigma surface are present in thetox.cfus.on gene rt^ 

there are large open spaces in the locules. oohmeotkJe as characterized In Qass I trans- 

Pollen is also affected by expression of ^'P'^'^yj^i^^ SS n^ round grains and small ool- 
(or^antPdlen from open flowers oftox^^^^^ 

lapsed gralra. In •^"^f"^*"'''' aj^^*^" fl^^SLT 
untranstbm.ed corurols less than 15%h«lth»n«^hriw^ 

minated In vitro, only round grains gerniina^sd. .nd.,»b^ ^^Jl^fSTTSw insert in Diphtheria toxin A 
DNA blot hybridization VS.s is us^ J^^V^^^^ S« prloterftagmant 

rrrerrrsrroS^r^^^ 

affected the level of toxic gene expressnn. ^ .Kutnvirn«ne.xMassion In the tobacco plsffl. the Bras- 
Thus. as descrlbedabove. the tissues are affected by towcgej^ee^^ 

^ca S^ene promoter is expressed in the secretory zorje of Although 
and in tte placenta of the ovary. S-gehe express^n .s also "^^'^ J" ^ tobacco are 

Uusln^P.stoiden.^theS.c«^^^^ 

Z^ S^ocus gene may actually d^mhe in»^^^^^^ 

Thus while we have Blustrated and desa.bed J^^j'^^jJ^'T^ do not wish to be limited to 

most nearly connected, to make and use the same. 
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SEQUENCE LISTING 



SEO ID NO : 1 

SEQUENCE TYPE : Nucleotide with coiresponding protein 
SEQUENCE LENGTH : 2238 liases 
STRANDEDNESS : single 
TOPOLOGY : linear 
MOLECULAR TYPE : genomic ONA 
ORIGINAL SOURCE 

ORGANISM : Brassica oleracea van acephala 
PROPERTIES : SLG-13 seiHnoompatibility gene 

50 

G2VGCTCTCTG TGCTATTAGA ACATTTATCG TTCATAACCT GACAAATCAA 

100 

ACGTCCTAAA ACAATACAAA TTTTCATTTT GCAGAACACC AAACGAGTTG 

150 

TTCGAGATAG TCCCATCATA GGTATAACTT AAAGATTGAC GAATAGGAGT 

200 

TGAGAAACTG GAAACAAGGG CTT6AGTTAC GATATATCGG AGCGGCTGGG 

250 

AGCATGTCAC TCGATTTGGC TTGTTTATAG GTTGATTGAT TAAATAAAAC 

300 

AAAAGCATAT AGTTC6CCGG CCCGGTTGTT GCAACCTTCC AAGGAACGCC 

350 

TGCTGAGATG GATTTACAAT TTGATTTCTT TTGTATTTTT ATTTGGTGTG 

400 

TTTAATATAT TAGTTAACCA ATTTACGTTA TACCAAATTT TTCAACCCTC 

450 

TTTTTAGTAA AAAACGAAAT TAAAGTTTTT TCCCTCTTAG TCCGACGATT 

500 

TTAAGCTAAT TAGTTCGAAC AAAGAGTACA ACATTAATTT TCTAACAGAC 

550 

TTAGATGCAC TTGCGAACAA CATACTTGCT GAACACCATA TGTTATGTTG 
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20 



25 



30 



35 



40 



, »«TT».» C=«=T.»T. T^«=™=T ^2 

„™ ™»x= =T«.C=»= 

„ „oT»a>cc ^Tm«:. totct=ct« =..c=tc.» =TC.,T.iL 

.„0T C»«»0« C«»3<»» 

AAGAAAGAAA AAGGAGGGGA 
« 800 GA 

ss 5^ s ^ - - - - - 

- - - 5S TeS s E s', 

Phe Leu Leu Vai ^ne rue 

„c JT. .cc TO. o« .0. e^J^Sj - TO. - 

lie Asn Thr Leu Ser Ser xnr ^ 

950 

?S S ?lt S ^» S5 5S V.l S S III ?S 

1000 -pj. 

- 1- S S^, 1% S S5 S S IT. -3 S5 S »o 

1050 

5^ S ?JI Sit S 511 S S S 

lyt /w-y llOO 

- St; ?s Jfu s" "V - - -^ss s Sp 

..c ,ce «T TC. too ^cc j.. - - - IT. 

His Ser Asn Lys Ser Val Trp ber 
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1200 



IS s ^it IT. z r„ §s ?s SI? 

1250 

_ rra act CAA TTC TTG TGG CAR. AGT TTC 

S'p 1« sfr ^ S S Phe L,u T.p Gin S.r Phe 

1300 

?S fnl S SI ^ If, SI 

13 

S ?S 155 IIS iJI f4 S 21 ?S S 1% 5S tS IS SI 
SI I- S ^ SI If. IS IJ^ S SS 21 

^r^»n r-z-a TPT TTC CGA TTG CAT CGG AGT GGT 
CCC GAG TTT TAT CTA TCG AGT GGA TCT TTC CGA TTG 
Pro Glu Phe Tyr Leu Ser Ser Gly ser i?ne iu:y 

si SI ^ IIS S5 ^11 tS If, SS ^ Si SS IIS 
f.I ills ?I? SS SI IIS ?S SS SI ?SI SS SS S2 1?I 

^^^^ «^ Tinn TTP TAG TCG AGA TTG ACA.ATA AGC 

US 2^ J;IS ?SS SS SS S us IJS ISS AT, «u Thr lie S« 

ss ^ si HI Its s?? 25 ?ss IS s;i ss is is^ sit 

S SS ?I! IISISS ISI IS SSI SS S?S SS ISI SI SIS ?5S ^ 
- SI If SSI IJSIS SS ISI SS SI5 SS ?S fS sss ?n SI 
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AAC TGT ATA CAA GGG^lll AGA CCC AAG AAC CGG CAG CAG TGG GAT CTG 
Asn Cys lie Gin Gly Phe Arg Pro Lys Asn Arg Gin Gin Trp Asp usu 

L=5 ill ?S ?S S S ?S S Ifs 

i!j ?s ?s £b '^i ^sir.i?o^. ?s? 

ATr ncc ATT GTC CAC CGA AGT^ATT GGT TTG AAA GAA TGT GAG AAG AGG 
Se? Sa ill vll Sis Sg Ser lie Gly Leu Lys Glu Cys Glu Lys Arg 

Trr CTT AGC GAT TGT AAT TGT ACC^GCA TTT GCA AAT GCG GAT ATC CGG 
Ss £S ter AS? cSs A^n Cys Thr Ala Phe Ala Asn Ala Asp He Arg 

2000 „ 

is^ fK? ^; ?i5 s in IS 

2050 

rCG ACG TAG TTT GCT GAC GGT CAA GAT CTT TAT GTC AGA TTG GCT GCT 
Sg ?S ryr III Sa Isp Gly Gin Asp Leu Tyr Val Arg Leu Ala Ala 

2100 

GCG GAC CTT GTT TAGCTGTTTC TCTTAAAATA 
Ala Asp Leu Val 

2150 

AAACACGGAT CCGACTATGA TATCGAGAAA TCCGGATATG TAACGCAACT 

2200 

ATCTTAATAA GTCTACCCTA AATATATATC TGAATCAATA AATGATATAC 

2250 

AGATCGXATC CAAATCCTTT TTAATCCTTT TTAATATATA TAAGAAAACA 

2300 

TGCCATCGAA ANTACAAATT TGATTATAAT ATTTTGCCGA CACCTGGAAA 

2336 

TTTACTTTCT TCGAATTTAT TTGTATTTGA AAGGCT 



SEQID N0:2 

SEQUENCE TYPE : Nucleotide 
SEQUENCE LENGTH : 1317 

STRANDENES8 : single 
TOP0LXI6Y: lines* 
MOUECULAR TYPE : cDNA 

ORIGINAL SOURCE 
ORGANISM : Brassica o/e/acea 
IMMEDIATE EXPERIMENTAL 
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SOURCE 

MAME OF CELL CLONE : Xgt1 0 c, „ . 

PROPERTIES : The sequence alignments and differences In the coding region among fburS^oeusaiieies 

of Brassica ofs/acea are given. 

S6 1 ATGA AAGGAGTAAG AAAACCCTAC GATAATTCTT ATACCTTATC 
S13 C T A A T C T 

«514 AA A C T 

III c A C G C GC A 

CTTTTTGCTT GTCTTTTTCG TCTTGATTCT ATTTTGTCCT GCCTTTTCGA 

C 

C CC A 
C TA A CAC C T 

TCAACACTTT GTCGTCTACA GAATCTCTTA GAATCTCAAG CAACAG 

C T 
T C C 

G C6 

141 AACAC TTGTATCTCC AGGTAATAAC TTCGAACTCG GCTTCTTCCG 

C GT G T AA 

C GT G A 

C GT T A 
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AACCAACTCA AGTTCTCGTT GGTATCTCGG GATATGGTAC AAGAAATTGC 

T 
T 



T 

G CA G T 



C G 

TCGACAGAAC CTATGTATGG GTTGCCAACA GAGATAACCC ACTCT 
CAT T 1 
c 

T T 

C A 

281 CCAAT GCCATTGGAA CCCTCAAAAT CTCAGGCAAT AATCTTGTCC 

A ^ 
r T T A 

CT C A A TA 

TCCTTGGTCA CACCAATAAA TCTGTTTGGT CGACGAATCT TACTAAGGAA 
AT G ? 

ATT 

i A C G AG 

ATGAGAGACT TCCGGTGTGT GCAGAGCTTC TCTCTAATGG AAAC 421 
TC A <2A 
TC CG G 

GTC ^ 

TTCGTGATGC GAGACTCCAG TAACAACGAC CAAGTGAATA CTTGTGGCAA 

A G A C T 

A G f 

T A CG T CG T 

AGTTTCGATT ACCCTACGGA TACTTTGCTT CCAGAGATGA AACTGGGTTA 

T A ^ A 

A G 

CGACCTCAAA ACAGGGTTGA ACAGGTTCCT TACATCATG 561 GAGAA 

C C c 

C A 

GTTCAGATGA TCCATCAAGC GGGGATTTCT CGTACAAGCT CGAAACCCGA 
G A CT 

G A A C T 

T A AG G 

AGCCTTCCTG AGTTTTATCT ATGGCATGGG ATCTTTCCAA TGCATCGGAG 

- n C C AG A TCT C G T 

A A CAGG TTT 

G AC C AG G G T 
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TGGTCCATGG AATGGGTCCG ATTTAGTGGC ATAC 701 CAGAGGACCA 
TAG 

CCA T G 

AAAGCTGAGT TACATGGTGT ACAATTTCAC AGAGAATAGT GAAGAGGTCG 

T ^ 

T X T TTCAC GGA ATGAGA 

•P AG 

CTTATACATT CCGAATGACC AACAACAGCA TCTACTCGAG ATTGACACTA 
AT T A 

^ A T AT TG 

C G 

AGTTCCGAAG GGTATTTTCA GCGACTTACG 841 TGGAATCCGT 

C AC G A GC 

T TC AG A AG 

T TC AG AG 

CAATAGGGAT ATGGAACAGG TTCTGGTCTT CTCCAGTGGA CCCCCAGTGC 
TC T G GT T. . .A A T 

XC G T G T GT TT A 

T G GT T T T A 

GATACATACA TAATGTGCGG GCCTTACGCT TACTGTGGCG TGAACACATC 

TG GG T T A 

T G G GC T T T 

G G G GC T T A 

ACCTGTTTGT AACTGTATCC AAGGGTTCAA 981 TCCCC 

G G A G A A 

G GA L 
GA 

GGAATATACA GCAGTGGGAT CAGAGAGTCT GGGCAGGTGG GTGTATAAGG 
A CCGG T A C C A A A 

C G G 

C G GG AA 

AGGACGCGGC TTAGCTGCAG TGGAGATGGT TTTACAAGGA TGAAGAACAT 
AG C T 

G C T 

A C C T 
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GAAGCTGCCA GAAACTACGA TGGCGATTGT CGACC 1121 GCAGT 

T C A 

T T A G 

ATTGGTGTGA AAGAATGTGA GAAGAGGTGC CTTAGCGATT GTAATTGTAC 
T 

A C 

C 

TGCTTTTGCA AATGCGGATA TCCGGAATGG TGGGACGGGT TGTGTGATTT 
C A C C 

C G - 
C G 

GGACCGGACG GCTTGACGAT ATGCGGAATT ACGTT 1261 GCT.. 

GA A C CG T . • 

T GA C G G C AGG 

CAC GGTCAAGATC TTTATGTCAG ATTGGCTGTT GCTGACCTTG 

^ CA A 

CGCTACTG A r A 

T 

TT 1317 



Claims 

1. A method of Imparting self-incompafibill^ to recipient plants con^ 

(a) laolatlns a stnictural gene which encodes for the production of an SJocus specific glycoprotein from a 

S IrS^r^i'^SS 'Z inu. me genome of a recipient plant that does not c««naHly produ» 
said S-I0CU9 specmo glyooprotein. wherein said recipient plant is seif-inoompatible. 

2 A method aooording to dalml wherein the donor plant is a self.inoompatil)le strain of B«ss*»^ 

3 A ISJZ accordilS to daim 1 wherein the stnjcturel gene is selected from the group cons.st.ng of the 
SLG-ia SLG-14. SL6-22 gene of Brass/ca oferaoee and the SLG-8 gone of Brassica campestns 

4 A nimod acS^ling to daim 1 wherein the recipient plant is from a dWerent family of plants from the 

""'^ZaZCt daim 1 wherein said structuml gene is stat-y integreted into the genome of the 
recioientolant using a strain of Agrobacfeffumlumefac/ens cells as the means for integration. 

SSnaJ^Stdlng to dahn 1 wherein the stmcturel gene comprises the DNA sequence as g.ven .n 

"TaISS locording to daim 1 wherein structural gene whid, encodes for the production of anS^ocus 
sp J-iic^^roSom a seifnncompatibte 

^*T'a method according to daim 7 wherein the said further sturctural gene is a reporter gene expression 
of whidilnatransgeniccdl is Indicative of the incorporation of thelinicedfiretstmcturalgeneinto the ta^^^ 

""lA^lnantDNAmolecdecompdsingastruduralgenewhtdicodesto^^ 

spedfic glycoprotein torn a seif^ncompatible plant, selected from the group conslsBng of the SLG-13. SI.Q-14. 

SLG-22 genes of Brassfca o/eraoea and the SLM gene of BrBssIca campestrb. nm- 

10.ArBComt>lnantDNIAmolBCUleaccoidlngtodalm9wherelnthestrodura^ 
ductlon of an S-locus specific glycoprotein comprises the DNA sequence as given In sequence lls^ng 1. 

?| J ^mZnt DNA r^iSle according to daim 9. further comprising one or inT^tlte^^'oTs 
wherein the said strocturai gene(s) is (are) genetically linked with the stroctural gene cod.ng for the Siccus 
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25 



specific glycoprotein. 

1Z A recombinant DNA molecule according to claim 11 wherein the said structural gene is capat)le of 
knparting herbicide tolerance to the recipient plant. 

13. Arecombinant DNA molecule according to claim 12 wherein the gene for herbicide tolerance is capable 
5 of imparting hert)icide tolerance to one or more herbicides selected from the group consisting of hygromycin. 

kanamycln. phosphinotricin, asulam. sulfonylureas, glyphosate, bromoxymU and imidazolinones. 

14. A recombinant DNA transfer vector comprising : 

(a) a structural gene which codes for the production of an S-locus specific glycoprotein firom a self^nconrv 
patible plant ; and 

10 (b) a transformation vector containing DNA capable of driving the expression of said structural gene when 
the construct is incorporated into a plant 

15. A recombinant DNA transfer vector comprising a recombinant DNA molecule according to any one of 
claims 9 to 13 incorporated Into a transfomiatlon vector containing DNA capable of driving the expression of 
said structural gene when the construct Is Incorporated into a plant 

IS 16. A setf-lnoompatiWe plant and the progeny thereof comprising a structural gene which encodes for the 
production of an S-locus specific glycoprotein, wherein said plant is not ordinarily self-Incompatible. 

1 7. A setf-incompatible plant and the progeny thereof comprising a structural gene which encodes for the 
production of an S-locus specific glycoprotein, wherein said plant does not ordlnarBy produce said S-locua 
specific glycoprotein. 

20 18. A self-lncompattole plant produced by the method of any one of daims 1 to 8. 

1 9. A self-incompatible plant and the progeny thereof comprising a structural gene which encodes for the 
production of an S-locus specific glycoprotein, said structural gene being geneticaBy linked with one or more 
further structural genes. 

20. A s^f-incompatible plant according to daim 19 wherein the sakl further stnictural gene is capable or 
Imparting hert)icide tolerance, wherein said plant does not ordinarily produce said S-locus specific glycoprotein. 

21. A self-incompatible plant and the progeny thereof according to daim 20 wherein the plant is tolerant 
to one or more hert)icides selected from the group consisting of hygromydn. kanamydn, phosphinotridn, 
asiriam, sulfonylureas, glyphosate, bromoxymil and imidazdinones. 

22. Arecombinantvector comprising a structural gene which codes forthe r^oductionof an S-locus specific 

30 glycoprotein. 

23. A recombinant vector according to daim 22 wherein the recombinant vector cam^ a gene coding for 
the production of an S-locus speclfk: glycoprotein selected from the group consisting of the S13 SLSG. S14 
SLSG, S22 SLSG glycoproteins of Brassica deraoea and the S8 SLSG glycoprotein of Brassica campesbis. 

24 A method of obtaining tissue spedfic expression of a gene in a plant comprising : 
35 (a) isdating a tissue spedfic plant promoter from the reproductive tissue of a donor plant ; 

(b) operaWy linking the tissue specific plant promoter with a structural gene such that the structural gene 
is specifically expressed only in the reproductive tissue of a redpient plant 

25. A method according to daim 24 wherein the tissue spedfic plant promoter causes the specific expres- 
sion of the structural gene in the pistil of the redpient plant 
40 26. A method according to daim 24 wherein the tissue spedfic plant promoter causes the specific expres- 
sion of the structural gene in the anther of the redpient plant 

27 A tissue spedfic plant jraroter comprising a DNA sequence comprising a region of an S^ocus spedfic 
gene that directs the expression of a linked structural gene in the reproductive tissue of a recipient plant 

28. A tissue specific frfant promoter according to daim 27 further comprising a region of the SLG-13 gene 
4S ttiat directe expression of a linked structural gene in the pistil of the redpient plant 

29. A tissue spedfic plant promoter according to Qalm 28 comprising the region extending from approxim- 
ately position -1 7 to approximately position -41 1 of the SLG-1 3 gene. 

3D. A tissue spedfic plant promoter according to aaim 29 comprising the region extending from approxim- 
ately posltton -150 to approximately position -41 1 of the SLG-13 gene. 

31 A recombinant DNA rrwlecule according to any one of dalms 9 to 13 comprising a tissue specific plant 
promoter comprising a region of an S-tocus spedfic gene tiiat directs the expression of a Unked structural gene 
in ttie reproductive tissue of a redpient plant 

32. A recombinant DNA transfer vector comprising : . ^ . ^ 

(a) a tissue spedfic plant promoter comprising a DNA sequence comprising a region of an Siccus specific 
gene ttiat directs ttie expression of a linked structural gene In the reproductive tissue of a redpient plant ; 

(b) a structural gene which codes for the production of an S-locus specific glycoprotein from a self-incom- 

c)Ttra!S2iji^ti^n vector containing DNA capable of driving the expresston of said structural gene when 



50 



55 



36 



EP0 436 467 A2 



the construct is incorporated into a plant 

33. A method for obtaining a self-incompatible plant from a species which is not nonmalty self-incompatible 
which comprises : 

(a) isolating a tissue speciftc plant promoter from the reproductive tissue of a donor plant ; 
5 (b) operably lining the tissue specific plant promoter with a DMA sequence comprising a region of a S-locus 

spedflc gene of sufficient length to express a S-locus glycoprotein substantially similar to that expressed 
in Brasslca sp. ; 

(c) fusing a reporter gene to the resulting linked promoter-gene construct ; 

(d) Inserting the resulting chimeric gene construction Into the genome of a recipient plant which is not nor- 
10 maliy self4ncompatlble ; 

(e) aIlowhgthereclpientpIanttDmatureand assaying the flower parts of the mature plant for the expression 
of the S-locus glycoprotein and/or the reporter gene ; and 

(f) selecting those plants which show expression of the S-locus glycoprotein and/or the reporter gene. 
34 A method according to claim 33. wherein the reporter gene is a gene capable of Imparting hertjidde 

16 tolerance to the recipient plant 

35w A recombinant DMA molecule comprising the fusion of : 

(a) a tissue specific plant pronrwter comprising a DMA sequence comprising a region of an S-locus specific 
gene that directs the expression of a linked structural gene in the reproductive tissue of a recipient plant ; 

(b) a structural gene which codes for the production of an S-locus specific glycoprotein substantiaDy similar 
20 in activity to a S-locus specific glycoprotein gene of Brassica sp. ; and 

(c) one or more furter structural gene(s). 

36. A recombinant DMA molecule according to daim 35, wherein the structural gene(8) of part (c) is a repor- 
ter gene the expression of which in a transgenic cell is indicative of the incorporation of the structural gene 
encoding a S-locus glycoprotein into the transgenic cell's genome. 
25 37. A recombinant DMA mojecule according to daim 35. wherein the structural gene(8) of part (c) is a gen 
capable of imparting hmtidde tderance. 

3e. A recombinant DMA transfer vector conrtprising a recombinant DNA nrwlecule according to any one of 
daims 35 to 37 incorporated into a plant transformation vector, 

39. A recombinant plant and the progeny thereof comprising multiple structural genes which encode for 
30 the production of an S-loais specific glycoprotein wherein said recombinant plant ordinarily comprises fewer 

stiucturai genes encoding for tiie production of S-iocus specific glycoproteins. 

40. A recombinant plant according to daim 39 wherein at least one of the structural genes coding for the 
production of an S-locus specific glycoprotein in said recombinant plant is not ordinarily present in said recom- 
binant plant L * ^ 

35 41. A method for obtaining a male and/or female sterile plant which method comprises the following steps: 

(a) isolating a tissue specific plant promoter from the reproductive tissue of a donor plant : 

(b) operably liking the tissue specific plant promoter witti a DNA sequence that encodes for a pdypeptide 
or protein taht is toxic to the recipient plant ; 

(c) inserting the resulting chimeric gene into the genome of a recipient plant ; 

40 (d) allowing the redpient plant to mature and assaying the ftower parts of the nrwture plant for the expression 

of the toxin gene; and 

(a) selecting those plants which show expression of the toxin gene. 
42. A recombinant DNA molecule comprising the fusion of : 

(a) a tissue spedflc plant promoter comprising a DNA sequence comprising a region of an S-locus speciHc 
45 gene that directs the expression of a linked structural gene in the reproductive tissue of a redpient plant ; 

(b) a structural gene which codes for the production of an polypeptide ora protein that is toxic to the redpient 
plant* 

42. A female and^or male sterile plant and the asexually derived progeny thereof that still contains the trait 
of male and/or female sterflity, comprising a structural gene which encodes for the produdion of a pdypeptide 

50 or a protein that is toxic to the redpient plant, operably linked to a plant specific promoter tiiat is capable of 
directing ttw expresston of the associated toxin gene in ttie reproductive tissue, preferably in the anther and/or 
pistil, of a raciplent plant 

43. A probe ttiat specifically hybridizes to tiie 3' end of an Siccus structural gene. 

44. A probe according to daim 43 wherein tiie S-tocus specric structural gene is SLG-8. SLG-13. SLG-14, 
55 SL6-22, and SLG-2. 

45. A probe according to daim 43 wherein the probe is specific to tiie region 21 07 to 2216 in the S13 sequ- 
ence. 

46. A method for hybrid production of self-incompatible plants comprising : 
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(a) breeding a line of self-incompatible plants ttiat comprises a structural gene which encodes for the pro- 
duction of an S-locus glycoprotein linked to a gene capable of Imparting herbicide resistance ; 

(b) breeding a line of self-fertile plants that is not resistant to herfolcldd ; 

(c) interplanting the setf-incompatlble line and self-fertile tine to produce hybrid plants ; and 

5 (d) applying herbicide to which the self-incompatible plants are resistant to hytMid production fields after 
pollination and prior to harvest ; 

whereby the surviving plants are aO self-incompatible hybrid plants. 

47. A method for hybrid production of self-incompatible hybrid plants comprising : 

(a) breeding a line of self-incontpatible plants that comprises a structural gene which encodes for the pro- 
10 duction of an S-locus glycoprotein linked to a gene capable of imparting herbicide resistance ; 

(b) breeding a line of self-fertile plants that is not resistant to herbicide ; 

(c) planting the line of self-incompatible plants and the line of self-fertne plants in separate strips ; and 

(d) applying herit>ictd8 to herbicide self-fertle fdants before harvest ; 
whereby the surviving plants are aS self-incompatible hybrid plants. 

IS 48. A nnethod for the maintenance of an inbred line of plants in heterozygous form comprising : 

(a) crossing self-incompatible, herfok»de resistant plants with self-fertBe, herfoickle sensitive plants ; 

(b) germinating seeds firom the cross ; and 

(c) applying herbicide to the germinated seeds ; 

whereby the surviving plants are all heterozygous self-incompatible plants. 
20 49. A method for hybrid production of self-incompatible hybrid plants comprising : 

(a) breeding a ftrst line of self-incompatible plants that conr^ses a first structural gene which encodes for 
the production of an S-locus glycoprotein linked to a gene capable of Imparting herbicide resistance ; 

(b) breeding a second line of setf-inoompatible plants that comprises a second structural gene which 
encodes for the productk>n of an 8-locus glycoprotein linked to a gene capable of imparting herbicide resi- 

25 stance ; and 

(c) interplanting the first and second lines of self-incompatible plants to produce hybrid plants. 
50. A mettiod for the maintenance of an inbred line of plants in heterozygous fcmn conr^rislng : 

(a) crossing a first line of self-incompatible. herbk:ide resistant plants with a second line of self-lnoompat- 
iblOr herbtokie resistant plants, safci first and second lines of self-incompatible plants comprising different 

30 structural genes which encode for tite production of different S-locus glycoproteins and are linked to a gene 
capable of imparting heriaidde resistance ; 

(b) germinating seeds firom ttie cross ; and 

(c) applying hertidde to the germinated seeds ; 

whereby the surviving plants are a8 heterozygous self-incompatitHe plants. 

39 

Claims for the following Contracting State : SP 

1. A method of imparting self-Incompatibility to recipient plants comprising : 

(a) isolating a stnictural gene which encodes for the production of an S-locus specific glycoprotein from 
40 a self-incompatible donor plant ; and 

(b) integrating sakl structural gene into the genome of a recipient plant that does not ordinarily produce 
said S-k>cus specific glycoprotein, wherein said recipient plant is self-incompatible. 

2. A method according to claim 1 wherein the donor plant is a self-incompatible strain of Brassica, 

45 

3. A method according to claim 1 wherein the structural gene is selected from the group consisting of the SLG- 
13, S-14, SLG-22 gene c^Brassica o/eraoea and ttie SLG-8 gene of Sressrca campe^ns, 

4. A method according to claim 1 wherein the recipient plant is firom a different famSy of plants from the self- 
50 incompatible donor plant 

5. A method according to claim 1 wherein said stmctural gene is stably integrated into the genome of ttie reci- 
pient plant using a strain Agrobacterium tumetaciens cells as the means for Integration. 

55 6. A method according to claim 1 wherein the stmctural gene comprises ttie DMA sequence as given in sequ- 
ence listing 1. 

7. A method according to claim 1 wherein stmctural gene which encodes for ttie production of an S-locus 

38 



EP 0 436 467 A2 



10 



16 



20 



25 



30 



40 



45 



50 



55 



specific giycoprotein fmm a self-incompatible donor plant is operaWy linked with one or more further struc^ 
tural genes. 

6 A method acconiing to claim 7 wherein the said further striidural gene is a reporter gene the expresdon 
of^Tln a transgenic cell is indicative of the incorporation of the linked first structural gene mto the 
trangenic cell's genome. 

«. A method of producing a recombinant DNA molecule comprising »„,„fc^ 

(a) isolating a structuml gene which codes for the pmducUon of an Wocus speofic fl'y^P™^^™ *^ 
a srincompatllrfe plant, selected from the group consisting of the SLG-13. SLG-14. SLG-22 genes of 
eiBssfea otoracea and the SLG-8 gene of Brassica campestis ; 

(b) ligating the said sttuctural gene with plant expression signals. 

10 A method according to claim 9 wherein the stnictural gene which codes fbr the productton of an S-locus 
' spedflc glycoprotaln compitees the DNA sequence as given in sequence llsling 1. 

1 1 A method accoidhfl to dalm 9, further comprising one or more structural genes wherein the said structural 
Je^i(^^)ge?eLilyiini;ed with the first strucu^^ 

12. A method according to daim 11 wherein the said structural gene Is capable of imparting herbicide tolerance 
to the recipient plant 

13 Amethodaccordlngtodaim12whereinthegeneforherblcldetderanoei8capableofir^^^ 
France to one or more herbicides selected ftom the group consisting of hygromydn. kanamycln. phos- 
phlnotridn, aaulam, sulftonylureas, glyphosate, bromoxyma and imidazdinones. 

14 A method of Diodudng a recombinant DNA transfer vector comprising: . . 

(Si iSlg aSSural gene whteh codes for the production of an Wocus spedflc glycoprotem from 

rbr85llSrreSSrciXeneln.oapiantt,ansformatlon 

tt» expression of said structural gene when the construct is incorporated Into a plant 

15 Amethodof produdngaaelf^ncompatlbteplantandthe P«9«"y «hereof comprteing transfor^^^ 
C,Srg«iwhidien<Se8fbrthaproductionofanS^ocusapedficgiyc^^ 

rein said plant is not ordinarily self-lnoompatibie. 

16. A method according to claim IS. whomin the said plant does not ordinarily produce said S-locus specific 
glyooprotein. 

17 A method of produdng a self-inoompatible plant and the progeny thereof ^ 
olent riant \!.i* is not ordinarily self-incompatible with a genetic construct composing a structural gene 
:SdCf^tfp.^"^nofanS^^^ 
further structural genes. 

18. A method according to daim 17 wherein the said lurther strudurai gene is capable of imparting herbidde 
tderance. 

19. Amethod according toclalm17.whereinsaidredpientpiantdoe8notordinarily produce said Siccus sped, 
fic glyooprotein. 

20 A method according to claim 18 wherein the plant is tderant to one or more herWcldes ^'^^^^ 
■ gZ insisting of hygromycin. kanamycln. phosphinotridn. asulam. suHbnylureas. glyphosate. 
bromoxyntil and imidazolinones. 

21. A method of obtaining tissue spedflc expression of a gene in a plant oompri^g : 

(a) isolating a tissue spedfic plant promoter from the reproductive tissue of a donor plant . 
So7eSllnWng.hetlssuespeciflcplantpromoterwi.hastrocturalgenesuchthatt^^ 

is specifically expressed only In the reproductive tissue of a recipient plant 
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22. A method according to claim 21 wherein the tissue specific plant promoter causes the specific expression 
of the structural gene in the pistil of the recipient plant. 

23. A method according to claim 21 wherein the tissue specific plant promoter causes the specific expression 
of the structural gene in the anther of the recipient plant. 

24. A method according to claim 21 wherein the tissue specific plant promoter is obtainable from a region of 
* an S^ocus specific gene that directs the expression of a linked structural gene in the reproductive tissue 

of a recipient plant 

25. A method according to dalm 24 wherein the tissue specific plant promoter camprises the region extending 
fi-om approximately position -17 to approximately position -411 of the SLG-13 gene. 



26. A method according to daim 25 wherein the tissue spedfic plant promoter comprises the region extending 
16 from approximately position -1 50 to approximately position -41 1 of the SLG-1 3 gene. 

27. A method according to any one of daims 9 to 13 wherein the plant expression signals comprise a tissue 
spedfic plant promoter comprising a region of an S-iocus specinc gene that directs the expression of a lin- 
ked structural gene in the reproductive tissue of a redpient plant 



28. A method of producing a plant transfonmation vector comprising : 

(a) isolating a tissue specific plant promoter comprising a DNA sequence comprising a regton of an S- 
locus specific gene that directs the expression of a linked structural gene in the reproductive tissue of 
a redpient plant ; 

(b) ligating a structural gene which codes for the production of an S-locus specific glycoprotein from a 
self-incompatible plant with the said tissue specific plant promoter, and 

(c) splidng the resulting chimeric construct into a plant transformation vector. 

29. A method for obtaining a self-incompatibie plant from a spedes which is not normally self4ncompatible 
30 which comprises : 

(a) isdating a tissue specific plant promoter from the reproductive tissue of a donor plant ; 

(b) operably linking the tissue specific plant promoter with a DNA sequence comprising a regtan of a 
S-iocus specific gene of sufficient length to express a SAocus glycoprotein substantiaBy similar to that 
expressed in Brassica sp. ; 

35 (c) fusing a reporter gene to the resulting linked promoter-gene construct ; 

(d) inserting the resulting chimeric gene constructton into the genome of a redpient plant which is not 
nonmaliy self-incompatible ; 

(e) allowing the recipient plant to mature and assaying the flower parts of the nrature plant for the exp- 
resston of the S-k>cus glycoprotein and/or the reporter gene ; and 

40 (0 selecting those plants which show expression of the S-locus glycoprotein and/or the reporter gene. 

30. A method according to daim 29, wherein the reporter gene is a gene capable of Imparling herbicWe toler- 
ance to the recipient plant 



A method of produdng a recombinant DNA rrtolecule comprising fusing 

(a) a tissue specific plant pronrwter comprising a DNA sequence comprising a regton of an S-locus speci- 
fic gene that directs the expresston of a linked structural gene in the reproductive tissue of a recipient 

S) a structural gene which codes for the productton of an S-locus specific glycoprotein substantially 
similar in activity to a S-locus spedfte glycoprotein gene of Brass/ca sp. ; and 
(c) one or more further structural gene(8). 

32- A method according to daim 31, wherein the structural gene{s) of part (c) Is a reportergene the expression 
of which in a transgenfc cefl is indicative of the incorporatton of the ^ctural gene encoding a &4ocus 
glycoprotein into the transgenic cell's genome. 

33. A method according to daim 31, wherein the structural gene(3) of part (c) is a gen capable of imparting 
herbicide tolerance. 

40 
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34 A method of producing a recombinant transfer vector comprising splicing a recombinant DMA molecule 
" according to any one of claims 31 to 33 into a plant translbmiation vector. 

35. A method for obtaining a male and/orfemale sterile plant which method comprises thefollojing stepa : 
^)i8olatinflati8Sue8pecificplantpromoterfromthereproductivebs8ueofad^Dnor^^^^^ 

JS oTerabfy liking the tissue specific plant promoter v»lth a DNA sequence that encodes for a toxin 

polypeptide or protein ; , • . i „i„„t ■ 

(rikiaertlno the reaulHng chimeric gene into the genome of a recipient p^ant. , 

SSSgthe recipJplant to mature and assaying the flower parts of thematurep^^^^ 
resslon of the toxin gene ; and 

(e) selecting those plants which show expression of the toxin gene. 
M A m<rfhfid of omdudno a recombinant DNA rnolecule comprising fusing 

S^TI^TSSe Jxpression of a linked structurel gene in the reproductive tissue of a recipient 
Sa* ^cturel gene which codes for the preduoUon of an polypeptide or a protein that is toxic to the 
recipient plant 

37 A method of ptodudng a female and/or male sterile plant and the asexually derived prtjgeny thj^eof «hat 

inTSSiS *e trall^n«le and/orfemale sterility comprising treneforming a ";^'P»"'J^«"»"^^^ 

SiZnatton vector comprising a structural gene which encodes for tt,e ^^^^l^^^^^^^- 
p^teinthattetoxictothemdptentplant.operebiyilnkedtoaplant8pecrticpremoterthatiscapaW^ 

Ing the expreaston of the associated toxin gene In the reproductive bssue. 

SR. A method fbr hvbrid pioductkm of self-incompatibie plants comprising : 

l^^U^t^ase«4nampm^ plants that comprises a stniotural gene which encodes fbr the 
SSn Of r^ocus giycop«..Bir> linked to a gene capable of imparting he,blc«e resistance ; 
(b) breeding a line of aeif-tortne plants that Is not resistant to herbicide ; 
rrthte^antina the eelf^ncoinpatlble line and self^ertiie line to 

SrSnotr^^Seself-lncom 
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poOination and prior to hfiffvest ; ^^.^^ 
whereby the surviving plants are all self-incompatible hybnd plants. 

afl A method for hybrid production of aeif-incompatible hybrid plants comprising : 

^J^iS™^^^ eelf^ncompetible plants that comprises a stnictural gene which encodes fbr the 
SSinTi^^^ id to a gene capable of lmpar«ng hecbU:kie res^tance ; 

/Mhraedlna a line of self-fbrMleplanta that is not resistant to herbtelde; 

c ptS^^^e l!;^^«lf-lnoomP^^^^^ plants and the line of self-fertile plants In separete stnps ; and 
(d) applying herbteJde to herbicide self-fertile plants before harvest : 
whereby the surviving plants are ail self-incompatible hybnd plents. 

40 A method for the maintenance of an inbred line of plants in heterozygous form comprising : 

srinoompatible. herbicide restotant plants with self-fertile. herb«.de sensdive plants . 
4S (b)genninaling seeds from the cross; and 

Ic) applying herbidde to the germinated seeds; 

whereby the surviving plants are ail heterozygous self-mcompabble plants. 

41 A method for hybrid production of self-incompatible hybrid plants comprising: u„k<^„h«« 

SthepnLttanofanS-locusglycoprotalniinkedtoagenecapableofimp^^^^^ 

ft) breedhfl a second line of self-incompatible plants that comprises a second ^f^^jj^"* 

Sndo^fbJlhe production of an S-locus glycoprotein linked to a gene capable of Imparting hert,telde 

^lSXiSn"J the first and second lines of self-incompatible plants to produce hybrid plants. 

42. A method fbr the maintenance of an inbred line of plants in heterozygous form comprising : 
(Sl^imrafirst line of self-incompatible, herbicide resistant plants withasecon^ 
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patible, herbicide resistant plants, said first and second lines of selMnoonfipatible plants comprising di^ 
ferent structural genes which encode for the production of different S-locus glycoproteins and are linked 
to a gene capable of imparting herbicide resistance ; 

(b) genninating seeds from the cross ; and 

(c) applying herbicide to the germinated seeds ; 

whereby the surviving plants are all heterozygous self-incompatible plants. 
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